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Abstract
The decay b→ sνν¯ is discussed in the minimal supersymmetric standard model
with general flavor mixing for squarks, at large tan β. In this case, in addition to the
chargino loop contributions which were analyzed in previous studies, tan β-enhanced
contributions from the gluino and charged Higgs boson loops might become sizable
compared with the standard model contribution, at least in principle. However,
it is demonstrated that the experimental bounds on the new physics contributions
to the radiative decay b → sγ should strongly constrain these contributions to
b → sνν¯, especially on the gluino contribution. We also briefly comment on a
possible constraint from the Bs → µ+µ− decay.
PACS: 13.20.He, 12.60.Jv
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1 Introduction
Recently, there has been significant experimental improvements in the measurements of
flavor-changing neutral current (FCNC) processes of B mesons at B factories and Teva-
tron. For the b → s transition, experimental data for b → sγ and b → sl+l− (l = e, µ)
decays, Bs − B¯s oscillation, and Bs → µ+µ− decay have already started to constrain
possible contributions from new physics beyond the standard model.
Here we focus our attention to one of the b → s processes, the decay into neutrino
pairs [1, 2],
b→ sνν¯. (1)
It is known that the decays of the B mesons induced by the partonic process (1), especially
the inclusive branching ratio BR(B¯ → Xsνν¯), have small theoretical uncertainty due to
the absence of photonic penguin and strong suppression of light quark contributions. On
the other hand, experimental search of the decay (1) is a hard task. At present, only the
upper bounds are known for both inclusive [3] and exclusive [4] branching ratios, at 90%
C.L., ∑
ν
Br(B¯ → Xsνν¯) < 6.4× 10−4,∑
ν
Br(B+ → K+νν¯) < 1.4× 10−5,∑
ν
Br(B¯0 → K0Sνν¯) < 1.6× 10−4,∑
ν
Br(B¯0 → K∗0νν¯) < 3.4× 10−4,∑
ν
Br(B+ → K∗+νν¯) < 1.4× 10−4, (2)
which are still one order of magnitude larger than the standard model predictions for the
inclusive [5] and exclusive [6] modes,∑
ν
Br(B¯ → Xsνν¯)SM = (3.7± 0.2)× 10−5,∑
ν
Br(B¯ → Kνν¯)SM = (3.8+1.2−0.6)× 10−6,∑
ν
Br(B¯ → K∗νν¯)SM = (1.3+0.4−0.3)× 10−5. (3)
Future upgrades of the B factories [7] will extend the search region for the exclusive decays.
For example, Br(B+ → K+νν¯) around the level of the standard model prediction (3) is
expected to be measured at the precision of 20% with integrated luminosity 50–100 ab−1.
On the other hand, a future e+e− collider running on the Z-boson resonance (GIGA-Z)
has a potential [8] to produce very large number of Z → bb¯ events, and possibility to
greatly improve previous studies of the inclusive modes [3] at the LEP I, to measure the
inclusive branching ratio.
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In this paper, we consider the decay (1) in the framework of the minimal supersym-
metric standard model (MSSM) [9] with general flavor mixing of squarks, and study the
contributions of new particles, namely the supersymmetric (SUSY) particles and Higgs
bosons. In cases where the value of tan β, the ratio of the vacuum expectation values
of two Higgs boson doublets in the MSSM, is not much larger than unity, it is shown
[10, 11] that the chargino-squark loops give main part of the new physics contributions
to the decay, and may become sizable when large flavor mixing is present in the left-right
mixing part of the up-type squark mass matrix. Note that this is also the case for the
SUSY contributions to the related decays K → piνν¯ [12, 13].
At large tanβ, say similar to or larger thanmt/mb ∼ 40, the MSSM loop contributions
other than charginos might become also important, at least in principle. For example,
gluino-squark loop contributions are generated by tan β-enhanced large left-right mixing
of down-type squarks. When, in addition, sizable mixing between down-type squarks in
the second and third generations are present, gluino contribution might become sizable.
It is also possible that, as explained later, charged Higgs boson might give sizable loop
contributions due to the flavor-changing effective Higgs-quark couplings, generated by
O(tanβ) SUSY loop corrections, as pointed out in Ref. [14] for the K → piνν¯ decays.
However, parameters in the SUSY and Higgs sectors should receive stringent constraints
from existing measurements of the FCNC processes, which might suppress possible mag-
nitudes of their contributions to b→ sνν¯. In this paper, we will present a rough estimate
of the possible constraints from the decay b → sγ, by showing correlations between the
new physics contributions to the Wilson coefficients for b → sνν¯ and those for b → sγ,
for each SUSY/Higgs sector separately. We will also comment on the implication of the
Bs → µ+µ− decay to the Higgs boson contributions.
The paper is organized as follows. In Sec. 2, we present basic formulas for the analysis
of the b → sνν¯ decay in the MSSM. In Sec. 3, numerical results for the new physics
contributions in the MSSM to b→ sνν¯ are presented as correlations with those to b→ sγ
for each new physics sector. An additional constraint from the Bs → µ+µ− decay on the
Higgs boson contributions is briefly commented in Sec. 4. Finally, conclusion is given in
Sec. 5.
2 b→ sνν¯ decay in the MSSM
The b→ sνν¯ decay is described by the effective Hamiltonian, in the notation of Ref. [6],
Heff = −4GF√
2
K∗tsKtb[CνOL + C ′νOR], (4)
whereKij is the Cabibbo-Kobayashi-Maskawa (CKM) matrix. Here the relevant operators
are
OL = α
2pi
(s¯Lγ
µbL)(ν¯LγµνL), (5)
3
OR = α
2pi
(s¯Rγ
µbR)(ν¯LγµνL). (6)
The inclusive branching ratio is then expressed in terms of the Wilson coefficients (Cν ,
C ′ν) in Eq. (4) as [11]
∑
ν
Br(B¯ → Xsνν¯) ∼ Nνα
2
4pi2
Br(B¯ → Xceν¯e) |KtbK
∗
ts|2
|Kcb|2 (|Cν |
2 + |C ′ν |2), (7)
up to the QCD corrections and O(m2c/m
2
b) corrections to the semileptonic decays B¯ →
Xceν¯e. Interference between Cν and C
′
ν appears in the branching ratios of the exclusive
modes B¯ → (Kνν¯,K∗νν¯, · · ·) [2, 6]. Note that, in the massless quark limit, (Cν , C ′ν) are
independent of the renormalization scale in QCD.
In the MSSM, the interaction (4) is generated by the Z-boson penguin and box dia-
grams. The standard model particles only contribute to Cν , giving at the leading order
in QCD [15, 10, 1, 2, 6],
Cν,SM = − 1
sin2 θW
x
8(x− 1)2
[
x2 + x− 2 + 3(x− 2) log x
]
, (8)
where x = m2t/m
2
W . Numerically, Cν,SM is about −6.8 for mt = 171 GeV.
New particles in the MSSM, namely the SUSY particles and Higgs bosons, may con-
tribute to both Cν and C
′
ν ,
Cν = Cν,SM + Cν(new), C
′
ν = C
′
ν(new),
C(
′)
ν (new) = C
(′)
ν,g˜ + C
(′)
ν,χ˜± + C
(′)
ν,χ˜0 + C
(′)
ν,H±. (9)
C(
′)
ν (new) consists of the contributions of the gluino g˜ - down type squark loops, chargino
χ˜± - up-type squark loops, neutralino χ˜0 - down-type squark loops, and charged Higgs bo-
son H± - top quark loops. Below we list the analytic forms of these one-loop contributions
for each sector:
Cν,g˜ = − 4g
2
s
3e2K∗tsKtb
(Γ†DL)2i(ΓDR)ik(Γ
†
DR)kj(ΓDL)j3C24(d˜i, d˜j, g˜), (10)
C ′ν,g˜ =
4g2s
3e2K∗tsKtb
(Γ†DR)2i(ΓDL)ik(Γ
†
DL)kj(ΓDR)j3C24(d˜i, d˜j, g˜), (11)
Cν,χ˜± =
aC∗ik2a
C
jl3
2e2K∗tsKtb
[
−δkl(ΓUL)iγ(Γ†UL)γjC24(u˜i, u˜j, χ˜±k )
+δijV
∗
k1Vl1{C24(u˜i, χ˜±k , χ˜±l )−
1
4
} − 1
2
δijUk1U
∗
l1mχ˜±
k
mχ˜±
l
C0(u˜i, χ˜
±
k , χ˜
±
l )
]
+
aC∗ik2a
C
il3m
2
W
2e2K∗tsKtb
Uk1U
∗
l1mχ˜±
k
mχ˜±
l
D0(u˜i, χ˜
±
k , χ˜
±
l , l˜
−), (12)
C ′ν,χ˜± =
bC∗ik2b
C
jl3
2e2K∗tsKtb
[
δkl(ΓUR)iγ(Γ
†
UR)γjC24(u˜i, u˜j, χ˜
±
k )
4
+δijUk1U
∗
l1{C24(u˜i, χ˜±k , χ˜±l )−
1
4
} − 1
2
δijV
∗
k1Vl1mχ˜±
k
mχ˜±
l
C0(u˜i, χ˜
±
k , χ˜
±
l )
]
−b
C∗
ik2b
C
il3m
2
W
e2K∗tsKtb
Uk1U
∗
l1D27(u˜i, χ˜
±
k , χ˜
±
l , l˜
−), (13)
Cν,χ˜0 =
aN∗ik2a
N
jl3
2e2K∗tsKtb
[
−δkl(ΓDR)iγ(Γ†DR)γjC24(d˜i, d˜j, χ˜0k)
+δij(N
∗
k3Nl3 −N∗k4Nl4){C24(d˜i, χ˜0k, χ˜0l )−
1
4
}
+
1
2
δij(Nk3N
∗
l3 −Nk4N∗l4)mχ˜0
k
mχ˜0
l
C0(d˜i, χ˜
0
k, χ˜
0
l )
]
+
aN∗ik2a
N
il3m
2
W
2e2K∗tsKtb
[
N˜∗k N˜lD27(d˜i, χ˜
0
k, χ˜
0
l , ν˜) +
1
2
N˜kN˜
∗
l mχ˜0
k
mχ˜0
l
D0(d˜i, χ˜
0
k, χ˜
0
l , ν˜)
]
,
(14)
C ′ν,χ˜0 =
bN∗ik2b
N
jl3
2e2K∗tsKtb
[
δkl(ΓDL)iγ(Γ
†
DL)γjC24(d˜i, d˜j, χ˜
0
k)
−δij(Nk3N∗l3 −Nk4N∗l4){C24(d˜i, χ˜0k, χ˜0l )−
1
4
}
−1
2
δij(N
∗
k3Nl3 −N∗k4Nl4)mχ˜0
k
mχ˜0
l
C0(d˜i, χ˜
0
k, χ˜
0
l )
]
−b
N∗
ik2b
N
il3m
2
W
2e2K∗tsKtb
[
N˜kN˜
∗
l D27(d˜i, χ˜
0
k, χ˜
0
l , ν˜) +
1
2
N˜∗k N˜lmχ˜0
k
mχ˜0
l
D0(d˜i, χ˜
0
k, χ˜
0
l , ν˜)
]
,
(15)
Cν,H± =
h2t cos
2 β
4e2
xtH
(xtH − 1)2 (1− xtH + log xtH), (16)
C ′ν,H± = −
(Yˆd)2αK
∗
tαKtβ(Yˆd)
∗
3β sin
2 β
4e2K∗tsKtb
xtH
(xtH − 1)2 (1− xtH + log xtH), (17)
where xtH = m
2
t/m
2
H±, ht = g2mt/(
√
2mW sin β). We assume flavor degeneracy in the
lepton and slepton sectors. The formulas (10–17) are derived from previous studies of the
b → sνν¯ decays in the MSSM [10, 11], as well as related works on the K → piνν¯ decays
[12, 13, 14]. C0,24(a, b, c) ≡ C0,24(m2a, m2b , m2c) and D0,27(a, b, c, d) ≡ D0,27(m2a, m2b , m2c , m2d)
are the three-point functions for the Z-penguin diagrams and four-point functions for the
box diagrams, respectively [16], in the convention of Ref. [17]. Ultraviolet divergence of
C24 cancels out in the formulas (10–15). We ignore the masses of (u, d, c) quarks, and
include those of (s, b) only when they are multiplied by tanβ. In this approximation, the
neutral Higgs boson contributions to C(
′)
ν vanish.
The couplings and mixing matrices in Eqs. (10–17) are given as follows: The squark
mixing matrices (ΓQL,ΓQR) (Q = U,D) give relations between the mass eigenstates q˜i =
(u˜i, d˜i)(i = 1−6) to the gauge eigenstates in the “super-CKM” basis (q˜Lα, q˜Rα)(α = 1−3),
which are related to the mass eigenbasis of the quarks qα = [uα = (u, c, t), dα = (d, s, b)]
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by SUSY transformation, as
q˜Lα = (Γ
†
QL)αj q˜j, q˜Rα = (Γ
†
QR)αj q˜j . (18)
These matrices are determined to diagonalize the 6 × 6 mass matrices of squarks in the
super-CKM basis,
M2q˜ =
(
M2
Q˜LL
(M2
Q˜RL
)†
M2
Q˜RL
M2
Q˜RR
)
,
(M2
Q˜LL
)αβ = (m
2
Q˜LL
)αβ + (m
(0)
Q )
†(m
(0)
Q ) + δαβ(I3qL − eq sin2 θW )m2Z cos 2β,
(M2
Q˜RR
)αβ = (m
2
Q˜RR
)αβ + (m
(0)
Q )(m
(0)
Q )
† + δαβeq sin
2 θWm
2
Z cos 2β,
(M2
U˜RL
)αβ = (m
2
U˜RL
)αβ −m(0)U µ∗ cotβ,
(M2
D˜RL
)αβ = (m
2
D˜RL
)αβ −m(0)D µ∗ tanβ. (19)
In Eq. (19), off-diagonal elements of the soft SUSY breaking mass matrices (m2
Q˜LL,RR,RL
)
induce flavor mixings which are not constrained by the CKM matrix in general, and
may cause potentially large FCNC. (m
(0)
Q )αβ are the “bare” mass matrices of the quarks.
For the up-type squarks, it is just the running mass matrix (m
(0)
U )αβ = (mU )αβ =
diag(mu, mc, mt) ∼ diag(0, 0, mt) in the standard model. For the down-type squarks,
in contrast, (m
(0)
D )αβ may substantially deviate from the standard model mass matrix
(mD)αβ = diag(md, ms, mb), as explained later. The quark-squark-chargino and quark-
squark-neutralino couplings (aCikα, b
C
ikα, a
N
ikα, b
N
ikα) are then given in terms of the mixing
matrices for squarks (18), for charginos (V, U), and for neutralinos N [18], as
aCikα = g2(ΓUL)iβV
∗
k1Kβα − ht(ΓUR)i3V ∗k2Ktα,
bCikα = −(ΓUL)iβUk2Kβγ(Yˆd)∗αγ ,
aNikα =
√
2(−g2
2
N∗k2 +
gY
6
N∗k1)(ΓDL)iα + (Yˆd)βαN
∗
k3(ΓDR)iβ ,
bNikα =
√
2gY
3
Nk1(ΓDR)iα + (Yˆd)
∗
αβNk3(ΓDL)iβ, (20)
Finally, N˜k ≡ Nk2− tan2 θWNk1 in Eqs. (14, 15) denote the neutrino-sneutrino-neutralino
couplings.
We need some explanation for (Yˆd)αβ , the bare Yukawa coupling matrix for down-type
quarks. We start from the effective lagrangian for the couplings of diR to the Higgs boson
doublets (HD, HU) in the MSSM, after integrating out the SUSY particles,
Leff = −(Yˆd)ij d¯iR(djLH0D −K∗kjukLH−D)− (∆Yd)ijd¯iR(djLH0∗U +K∗kjukLH−U ) + (h.c). (21)
The couplings (∆Yd)ij are forbidden at the tree-level by supersymmetry, but induced by
SUSY particle loops with soft SUSY breaking. The running mass matrix in the standard
6
model (mD)αβ = diag(md, ms, mb) is then given by
(mD)αβ =
√
2mW
g2
cos β[Yˆd + tanβ∆Yd]αβ ,
≡ [m(0)D + δmD]αβ . (22)
Although the loop-generated ∆Yd is suppressed relative to the tree-level coupling Yˆd, its
contribution to mD, δmD, is enhanced by tan β, as seen in Eq. (22), and may become
numerically comparable to the tree-level part m
(0)
D ∝ Yˆd at large tanβ [19]. On the other
hand, the couplings of (diR, d˜iR) to heavier Higgs bosons (H
0, A0, H±) and higgsinos H˜D
are determined by Yˆd, as shown in Eqs. (17, 20), without tan β-enhanced contributions
from ∆Yd. As a consequence, at large tan β, these couplings may significantly deviate
from the tree-level values [20] given in terms of (mD)αβ and, since ∆Yd is not flavor
diagonal in general, include flavor-mixing parts not determined by the CKM matrix, even
in the super-CKM basis. The bare quark mass matrix m
(0)
D should be also used in the
mass matrix (19) of the down-type squarks, which also receives no contributions from
∆Yd. The correction (22) therefore affects the masses and mixing matrices (ΓDL,ΓDR)
of the down-type squarks, generating additional flavor mixing for squarks. These tanβ-
enhanced corrections to the down-type quarks and squarks are often comparable to the
tree-level contributions in the MSSM at large tan β, and should be included in realistic
analysis of processes involving these particles [20, 21].
Now we turn to the behavior of the SUSY and Higgs contributions (10–17) to (Cν , C
′
ν).
The main part of these contributions comes from the Z penguin diagrams through effective
Zµs¯Lγ
µbL and Zµs¯Rγ
µbR vertices. Appearance of these vertices needs both the mixing
between the second and third generations of quarks/squarks, and the SU(2)×U(1) gauge
symmetry breaking in the loops. For small or moderate value of tan β, the largest SU(2)
breaking in the loops are provided by the top quark and squarks. As a consequence,
Cν,H± (16) and Cν,χ˜± (12) are relevant. The former, however, is suppressed by 1/ tan
2 β
and only relevant for tan β ∼ 1, which is disfavored by experimental lower limit on the
mass of the lightest Higgs boson. Therefore, only the latter, Cν,χ˜±, is left as a potentially
important SUSY contribution to b → sνν¯. Previous studies have shown [11, 6, 5] that
Cν,χ˜± is enhanced by large M
2
U˜RL
, especially by its flavor-mixing parts. Similar behavior
is observed for the chargino contributions to the K → piνν¯ decays [13].
At large tanβ, however, other contributions to b → sνν¯ have the possibility to be-
come sizable, by the following reasons: First, the SU(2)-breaking left-right mixing of the
down-type squarks (M2
D˜RL
) increases as tanβ and may enhance the gluino contribution.
Second, off-diagonal parts of the effective Yukawa coupling Yˆd in Eq. (22) induce the
flavor-changing couplings of the down-type quarks, which are enhanced by tan β and not
necessarily suppressed by the corresponding CKM matrix elements or quark masses. Es-
pecially, the element (Yˆd)23, induced by flavor mixing in M
2
D˜RR
, might give large Yukawa
couplings of sR and enhance C
′
ν,H±. This is similar to the case of K → piνν¯ at large
tanβ [14], where loop-induced couplings ((Yˆd)13, (Yˆd)23) give large effective s¯RdRZ cou-
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pling. Therefore, the gluino (10, 11) and charged Higgs boson (17) contributions must be
considered in the analysis of b→ sνν¯ at large tanβ.
3 SUSY and Higgs contributions to b→ sνν¯ and cor-
relation with b→ sγ
We present numerical results for the new physics contributions (10–17) to the b→ sνν¯ de-
cay in the MSSM. We concentrate on the cases with large tanβ, which were not considered
in previous studies.
In the estimation of possible magnitudes of the new physics contributions (10–17) to
b → sνν¯, we need to take into account the constraints on SUSY and Higgs parameters
from other FCNC processes. In this section, we consider the implication of the constraints
from the radiative decay b → sγ. This constraint is expected to be crucial since the
SU(2)×U(1) breaking and flavor mixing between quarks/squarks in the second and third
generations, which are necessary to enhance the contributions to b→ sνν¯, may also give
large contributions to b → sγ. Another reason to focus on b → sγ is the rather good
agreement between experimental data [22] and the standard model prediction [23] of the
inclusive branching ratio Br(B¯ → Xsγ). Indeed, the decay b → sγ in the MSSM have
been shown [24, 10, 25, 26, 27, 28, 29, 21] to give strong constraints on the Higgs and
SUSY parameters. It should also be noted that the SUSY contributions to b → sγ are
enhanced by tanβ [25, 26].
Here we do not attempt precise calculation of the experimental constraints from b→
sγ. Instead, we present a very rough estimation of the expected constraints in terms of
the Wilson coefficients (C7, C
′
7)(µ) for b→ sγ, defined as
Heff = −4GF√
2
K∗tsKtb (C7(µ)O7(µ) + C ′7(µ)O′7(µ)) ,
O7 = e
16pi2
mb(µ)(s¯Lσ
µνbR)Fµν ,
O′7 =
e
16pi2
mb(µ)(s¯Rσ
µνbL)Fµν . (23)
Below we show the correlations between C(
′)
ν (new), Eqs. (10–17), and new physics
contributions to C
(′)
7 , C
(′)
7 (new), for each sector of new physics: namely, the gluino-squark,
chargino-squark, and charged Higgs boson-top quark loop contributions, varying squarks
mixing parameters which are relevant to b → sνν¯. For simplicity, we assume the flavor
structures of the soft SUSY breaking terms in the squark mass matrices (19) as
m2
Q˜XX
= M2
Q˜
 1 0 00 1 (δqXX)23
0 (δqXX)23 1
 (XX = LL,RR), (24)
8
m2
U˜RL
= mt
 0 0 00 0 0
0 (Au)32 (Au)33
 , (25)
Since CP violation is not essential for the analysis in this paper, all SUSY and Higgs
parameters, including those in Eqs. (24, 25) are set to be real. We also set m2
D˜RL
= 0
in Eq. (19) since its contribution to M2
D˜RL
is, when the vacuum stability bounds [30]
is applied, O(mbMQ˜) and subdominant compared to the second term m
(0)
D µ
∗ tanβ =
O(mb tan βMQ˜). Note that the condition (24) for m
2
Q˜LL
may be imposed only either
Q˜ = U˜ or Q˜ = D˜, due to the SU(2) symmetry (m2
U˜LL
)αβ = Kαγ(m
2
D˜LL
)γδK
∗
βδ.
We calculate the new physics contributions to C(
′)
ν and C
(′)
7 at the leading one-loop
order (see Refs. [10, 25, 26, 27] for the formulas of C
(′)
7 ), but improved by including the
tanβ-enhanced corrections to the quark/squark Yukawa couplings from Eq. (22) and, for
C
(′)
7 , also from the proper vertex corrections
1 to the uiR couplings to (H
0, A0, H±) [28, 29],
in the effective lagrangian formalism [28]. In these formulas, we use the running quark
masses and αs at the renormalization scale µ = MQ˜, calculated from mt(pole) = 171
GeV, mb(mb) = 4.2 GeV, ms(2GeV) = 95 MeV, mq(others) = 0 and αs(mZ) = 0.12,
which give C(
′)
ν (µ) and C
(′)
7 (µ) at the renormalization scale µ =MQ˜. For SUSY and Higgs
parameters, we fix the following parameters: tan β = 50, MQ˜ = 500 GeV, mg˜ = 500 GeV,
M2 = 300 GeV, M1 = 150 GeV, while varying other parameters. We also impose the
bounds mχ˜± > 100 GeV and mq˜ > 250 GeV, suggested by experimental search limits for
SUSY particles.
For each sector of the new physics, rough estimates of the bounds on the contributions
to (Cν , C
′
ν) are obtained by requiring that the magnitudes of (C7, C
′
7)(new) should be
smaller than the standard model contribution C7,SM(µ ∼ mW ) ∼ −0.2.
3.1 Gluino contributions
The gluino-squark contributions C
(′)
ν,g˜ are induced by the flavor and left-right mixing of
the down-type squarks. In Fig. 1, the gluino contribution Cν,g˜ is shown as a correlation
with C7,g˜, for parameter scan over (δ
d
LL)23 = [−0.3, 0.3], (δdRR)23 = [−0.3, 0.3], and µ =
[−550, 550] GeV. (Au)33 and (Au)32 are set to 0. Correlation between C ′ν,g˜ and C ′7,sg
for the same parameters is obtained from Fig. 1 by changing the sign of the horizontal
axis. Large |Cν,g˜| is obtained for large negative µ and large (δLL,RR)23, which cause
large b˜R − s˜L mixing. It is seen that |Cν,g˜| can be larger than 1, which gives about
30 % correction to the standard model prediction of the decay width (7). However, by
requiring |C7,g˜| < |C7,SM(µW )| ∼ 0.2, magnitudes of Cν,g˜ are constrained to be much
smaller than Cν,SM ∼ −6.8. Therefore, without very precise cancellation between new
physics contributions to b → sγ, gluino contributions to b → sνν¯ should be completely
negligible, even for tanβ ≫ 1, to satisfy the bound from b→ sγ.
1These vertex corrections also appear in Cν,H± . However, we ignored the corrections in Eq. (16), since
Cν,H± itself is strongly suppressed by 1/ tan
2 β and numerically negligible.
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Here we briefly comment on the neutralino contributions C
(′)
ν,χ˜0, Eqs. (14, 15). Similar
to the gluino contributions, C
(′)
ν,χ˜0 are induced by the b˜− s˜ mixing in the loops. However,
due to small couplings, these contributions are much smaller than the gluino contributions
C
(′)
ν,g˜ for most parameter regions and therefore not discussed here.
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Figure 1: Correlation between Cν,g˜ and C7,g˜. Parameters are tan β = 50, µ = [−550, 550] GeV,
(δdLL,RR)23 = [−0.3, 0.3]. Other parameters are given in the text. Horizontal lines indicate the
region |C7,g˜| < 0.2.
3.2 Chargino contributions
The chargino-squark loop contributions Cν,χ˜±, Eq. (12), have been studied in previous
works [11, 6] at small or moderate value of tanβ. In these works, it has been shown that
they might give sizable contributions, larger than the uncertainty of the standard model
predictions (3), for large flavor-mixing element of m2
U˜RL
in Eq. (25), especially its (t˜R,
c˜L)-mixing element (m
2
U˜RL
)32 ∼ (Au)32mt.
Figure 2 shows the correlation between Cν,χ˜± and C
(′)
7,χ˜±, for varying parameters over
(Au)33 = [−1500, 1500] GeV, (Au)32 = [−1500, 1500] GeV, and (δuLL)23 = [−0.3, 0.3].
Other parameters are fixed at µ = 500 GeV, ml˜±
L
= 400 GeV, and (δuRR)23 = 0. For
these parameters, C ′ν,χ˜± is negligibly small (< 0.02) and not shown here. As is the case of
the gluino contributions, SUSY parameters which give large Cν,χ˜± tend to also give large
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C
(′)
7,χ˜±. The resulting constraint on Cν,χ˜± gets tighter as tan β increases, since C
(′)
7,χ˜± are
enhanced by tan β while Cν,χ˜± is not. Nevertheless, the correlation is not so strong as in
the gluino sector, as seen in Fig. 2. This is due to the different dependences of Cν,χ˜± and
C
(′)
7,χ˜± on two A-term elements, (Au)33 and (Au)32 in Eq. (25). In fact, as seen in Fig. 2,
we may have |Cν,χ˜±| > 1 while keeping |C(
′)
7,χ˜±| < 0.2. Even larger value of Cν,χ˜± might be
possible by careful choice of the SUSY parameters. The resulting deviations of the decay
widths from the standard model predictions (3) could be proved at future B factories,
if the theoretical uncertainties of the exclusive widths in Eq. (3), mainly coming from
the meson form factors, are reduced. However, one must note that the large chargino
contribution is realized by the fine tuning between SUSY parameters, especially (Au)33
and (Au)32, to realize small C
(′)
7,χ˜±.
-3
-2
-1
 0
 1
 2
 3
 4
-1.5 -1 -0.5  0  0.5  1  1.5
C 7
(ch
arg
ino
)
Cν(chargino)
|C’7|<0.2|C’7|>0.2
Figure 2: Correlation between Cν,χ˜± and C7,χ˜± for parameters (Au)33 = [−1500, 1500] GeV,
(Au)32 = [−1500, 1500] GeV, and (δuLL)23 = [−0.3, 0.3]. The points with |C ′7,χ˜± | smaller (larger)
than |C7,SM| ∼ 0.2 are denoted by dots (crosses). Other parameters are set as in the text.
3.3 Charged Higgs boson contributions
As discussed in the previous section, only C ′ν,H±, Eq. (17), is relevant at large tanβ. This
contribution comes from the H−s¯RtL coupling ∼ (Yˆd)2αK∗tα ∼ (Yˆd)23, which is generated
by the flavor mixing involving s˜R through the tan β-enhanced loop corrections (22). In
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Fig. 3, we show the correlations between C ′ν,H± and C
(′)
7,H± at µ = −500 GeV, (Au)33 = 0
GeV, (Au)32 = 0 GeV, (δ
d
LL)23 = [−0.3, 0.3], (δdRR)23 = [−0.3, 0.3], and mH± = [400, 1000]
GeV. In contrast to the gluino and chargino contributions to b → sγ, the main parts of
C
(′)
7,H± are not enhanced by tan β. Moreover, the correlations between C
′
ν,H± and C7,H± is
severely affected by different parameter dependences of two generation-mixing H± cou-
plings: the effective s¯RtLH
− coupling ∼ (Yˆd)23 in C ′ν,H± and C ′7,H±, and O(tanβ) proper
vertex corrections to the s¯LtRH
− coupling [28, 29] in C7,H±. As a result, similar to the
case of chargino contributions, there is possiblity to have sizable C ′ν,H± while keeping
C
(′)
7,H± small.
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Figure 3: Correlation between Cν,H± and C
(′)
7,H± at tan β = 50, (δ
d
LL,RR)23 = [−0.3, 0.3], and
mH± = [400, 1000]GeV. Other parameters are given in the text.
4 Constraint from Bs → µ+µ− on the H± contribution
In addition to b→ sγ, several other b→ s FCNC processes have been measured in recent
experiments. Since most of these measurements show rather good consistency with the
standard model predictions, they should give additional constraints on the SUSY and
Higgs parameters, and their contributions to b→ sνν¯. For example, measurements of the
Bs − B¯s oscillation [31] impose constraints on the b˜− s˜ mixing, especially on (δdLL)23 and
12
(δdRR)23 [32]. Here we just show a case of these constraints: implication of the upper limit
of the branching ratio for Bs → µ+µ− on the H± contributions C ′ν,H±, at large tan β.
As seen in Eq. (17), large value of C ′ν,H± is obtained for parameters which give large
effective H−s¯RtL Yukawa coupling ∼ (Yˆd)23. As discussed in Sect. 2, the parameter (Yˆd)23
also gives the flavor-changing (H0, A0)s¯RbL couplings of the heavier neutral Higgs bosons
(H0, A0). On the other hand, at large tanβ, this coupling gives “tree-level” contributions
to the Bs → µ+µ− decay by the Higgs penguin diagrams [33, 21], which are often much
larger than the standard model contributions by orders of magnitude. Requiring that
these Higgs penguin contributions do not saturate the experimental upper bound Br(Bs →
µ+µ−) < 10−7 at 95% C.L. [34], and neglecting mass difference between (H0, A0), the
condition
|(Yˆd)32|2 + |(Yˆd)23|2 < 0.2 cos2 β(mA/500GeV)4, (26)
is imposed on the b − s mixing Yukawa couplings ((Yˆd)32, (Yˆd)23) at the renormalization
scale µb ∼ mb. In the approximation of neglecting the QCD running between µb and MQ˜,
and also the O(tanβ)-enhanced correction to the t¯LbRH
+ coupling ∼ (Yˆd)33, Eq. (26)
implies the bound |C ′ν,H±| < 0.15 for tan β = 50 and mA < 1000 GeV, which is completely
negligible compared to Cν,SM. We expect that this strong constraint still holds when more
rigorous estimation of Bs → µ+µ− is adopted.
5 Conclusion
We have studied the flavor-changing decay b → sνν¯ in the MSSM, at large tan β and
with general flavor mixing of squarks. This case is interesting since the gluino and H±
loops, which are negligible at moderate value of tan β and with minimal flavor viola-
tion for squarks, are enhanced and might give contributions to this decay, comparable to
the standard model and chargino loop contributions. This is due to the tan β-enhanced
SU(2)×U(1) gauge symmetry breaking and flavor mixing in the down-type squark sec-
tor, and loop-generated effective flavor-changing couplings of the charged Higgs boson to
quarks and squarks. However, the contributions to b → sνν¯ by new physics should be
constrained by experimental data for other b→ s processes.
In this paper, we have focused our attention to the constraints from the radiative decay
b → sγ, since both of the b → sνν¯ and b → sγ decays are enhanced by the SU(2)×U(1)
symmetry breaking and flavor mixing between the second and third generations of the
quarks/squarks in the loops. As a very rough estimation of the constraints by b→ sγ, we
have calculated the correlations between new physics contributions to the Wilson coeffi-
cients C(
′)
ν and C
(′)
7 for the b→ sνν¯ and b→ sγ decays, respectively, for each new physics
sector: gluino-squark, chargino-squark, and charged Higgs-quark loops. Calculation has
been done at the leading order, but including tan β-enhanced corrections to the quark
Yukawa couplings in the loops. It has been demonstrated that the requirement that the
new physics contributions C
(′)
7 (new) for each sector are smaller than C7,SM strongly con-
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strains the new physics contributions C(
′)
ν (new). Especially, the gluino contributions C
(′)
ν,g˜
are suppressed much below Cν,SM due to their strong correlation with C
(′)
7,g˜. In contrast,
although the constraints by C
(′)
7 are also tight for chargino and charged Higgs boson con-
tributions, there still remains a possibility that their contributions to C(
′)
ν become sizable,
O(10)%, while keeping contributions to C
(′)
7 below C7,SM.
As an example of the constraints by other b → s processes, we have also considered
the Higgs penguin contributions to the decay Bs → µ+µ−, which might become much
larger than the standard model contribution at large tan β. It has been shown that the
present experimental upper bound of the decay ratio may impose strong constraints on
C ′ν,H±, suppressing it much below Cν,SM.
For more realistic analysis of b→ sνν¯ in the MSSM and estimation of the new physics
contributions, we need to scan over wider parameter space, including correlations between
different contributions to C(
′)
ν , main parts of the QCD corrections and hadronic effects,
and constraints from other flavor-changing processes using more precise formulas of the
new physics contributions. We leave such studies for future works.
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